Abstract. Mesohepatectomy is considered a feasible option for patients with centrally located hepatocellular carcinoma (HCC). However, mesohepatectomy is a technically demanding and less frequently used procedure. In this study, we summarized the surgical experience and evaluated the clinical outcomes of mesohepatectomy in 24 patients with centrally located HCC. Of these patients, 9 were treated with hepatectomy of Couinaud's segments IV, V and VIII with concurrent cholecystectomy; 8 underwent resection of segments IVb, V and VIII, including 7 patients who also received a cholecystectomy; 4 underwent hepatectomy of segments IVa, V and VIII; and 3 patients were treated with hepatectomy of segments I, IV, V and VIII, with concurrent cholecystectomy. The Pringle maneuver was used on 17 patients during hepatectomy. Total hepatic vascular exclusion (HVE) was performed on 3 patients and HVE was not used on 4 patients. The average mesohepatectomy operative time was 238 min and the average intraoperative blood loss was 480 ml (200-2,200 ml). There was no intraoperative mortality and the postoperative morbidity rate was 25% (6/24). The 1-and 3-year overall survival rates were 76 and 46%, respectively. Therefore, mesohepatectomy is a safe and effective surgical procedure for the treatment of centrally located HCC and HVE during mesohepatectomy for centrally located HCC is crucial to the success of the operation and postoperative patient recovery.
Introduction
Centrally located hepatocellular carcinoma (HCC) is defined as HCC closely adjacent to the central hepatic segments, including Couinaud's segments IVa, IVb, V and VIII, without usually including malignancies within the caudate lobe (1) . Centrally located HCC is adjacent to the portal vein, bile duct, hepatic vein and inferior vena cava. Due to the close proximity to these major vessels, the treatment of such cancers remains challenging. Radiofrequency ablation (RFA) and percutaneous ethanol injection are less effective for larger (>5 cm) compared to smaller tumors (2) (3) (4) . Centrally located HCC had long been considered unsuitable for surgical resection and the traditional treatment for such cancers included an extended right or left hepatectomy (5-7). However, extended hepatectomy is associated with higher morbidity and mortality, mainly due to the increased risk of postoperative liver failure (8, 9) .
Over the last few years, with the advancement in the surgical techniques for liver cancer, mesohepatectomy has become a feasible option for patients with centrally located HCC, particularly for those with post-hepatitis cirrhosis. Previous clinical studies demonstrated that mesohepatectomy may be superior to extended hepatectomy, as it reduces the volume of the resected liver (10, 11) . However, mesohepatectomy is a technically demanding procedure and may cause injuries to blood vessels and bile ducts, resulting in increased blood loss; therefore, it is less frequently used (11, 12) and the application of mesohepatectomy in the treatment of centrally located tumors has not been adequately assessed.
The aim of this study was to review the surgical techniques, clinicopathological characteristics and outcomes of 24 patients who underwent mesohepatectomy, in order to determine whether this treatment is safe and effective for patients with centrally located HCC. We also summarized the surgical procedures and our experience with effective mesohepatectomy for the treatment of centrally located HCC. Under general anesthesia, the mesohepatectomy was initiated with a right subcostal or a bilateral subcostal incision with midline extension, or a chevron incision. After the operative field was exposed sufficiently by retractor traction, the texture of the liver, the degree of severity of the cirrhosis and the size and location of the tumors were probed using the fingers. The round, falciform, right triangle, coronary, caudate and hepatocolic ligaments were incised to fully mobilize the right lobe of the liver. After the right side of the hepatic inferior vena cava was separated and exposed, the short hepatic veins were ligated. Subsequently, the hepatic artery, portal vein and bile duct were separated from the tumor. A long suture was placed behind the right hepatic vein to block the hepatoduodenal ligament. The perihepatic ligaments and the bare area of the right lobe of the liver were divided from top to bottom, up to the 
Patients and methods

Patient information.
Mesohepatectomy and resectional surface treatment.
Intraoperative ultrasonography (US) was used to precisely locate the hepatic veins (15) . The hepatic venous circulation was reconstituted according to the preoperative computed tomography (CT) examination. Using an electric or ultrasonic knife, an incision of 2-3 cm in depth was performed in the liver parenchyma along the middle hepatic vein; the vein was separated, ligated and severed between its junction with the inferior vena cava and the common trunk of the left and right hepatic veins. During this process, the right hepatic vein should be well protected. Following complete removal of the middle lobe, bleeding and oozing from the cross sections was fully controlled by clipping or ligating the bleeding sites and biliary leaks, but the resectional surfaces were not sutured compulsively. Of the 24 patients, 8 underwent hepatectomy under intraoperative US guidance. The surgical approach was selected based on the location and size of the tumor. The blood flow through the hepatic artery and portal vein was intermittently blocked for 20 min, restored for 5 min and then the cycle was repeated. The blood inflow from the hepatic artery and portal vein in one patient was interrupted 3 times. The average occlusion time was 23 min (15-60 min). The right hepatic vein and the common trunk of the left and right hepatic veins were clamped with a Satinsky clamp to block the inflow of blood from the hepatic veins, which significantly improved the safety and simplicity of the operative procedure. Occlusion of the hepatic artery, portal vein and bile duct was performed on 17 patients. While 14 of the 17 cases were subjected to occlusion once, 2 patients were subjected to occlusion twice and 1 patient was treated with occlusion 3 times, whereas 4 patients did not undergo occlusion. Total hepatic vascular exclusion (HVE) was performed on 3 patients, once in each patient.
Results
Procedures.
Of the 24 patients, 9 underwent hepatectomy of Couinaud's segments IV, V and VIII with concurrent cholecystectomy (Figs. 1 and 2) ; 8 underwent hepatectomy of segments IVb, Ⅴ and VIII (Fig. 3) , of whom 7 also received a cholecystectomy (Fig. 4) ; 4 underwent hepatectomy of segments IVa, V and VIII; and 3 underwent hepatectomy of segments I, IV, V and VIII with concurrent cholecystectomy (Fig. 5) .
All the tumors were completely excised and there was no intraoperative mortality. The average intraoperative blood loss was 480 ml (range, 200-2,200 ml). The serum alanine aminotransferase levels returned to normal or preoperative levels in 11±3 days post-operation. The total bilirubin decreased to normal or preoperative levels in 8±2 days post-operation.
The incidence of complications associated with the operation was 33% (8/24), including 4 cases of reactive pleural effusion, 3 of biliary fistula and 1 of upper gastrointestinal bleeding. Of the 4 patients with reactive pleural effusion, 2 were treated by pleural puncture and the other 2 were received symptomatic treatment. Patients with other complications also received symptomatic treatment. A total of 23 of the 24 patients (96%) were followed up postoperatively. The 1-and 3-year overall survival rates of these patients were 76 and 46%, respectively.
Discussion
The middle segments of the liver include the medial section of the left lobe and the anterior section of the right lobe. The visceral surface of the middle lobe of the liver is adjacent to the entrance of the hepatic artery, portal vein and bile duct and its diaphragmatic surface is adjacent to the entrance of the hepatic veins, where they merge into the inferior vena cava. The dorsal side of the middle lobe of the liver is where 15 short hepatic veins empty into the inferior vena cava. Due to the unique anatomical location of centrally located HCC, minimally invasive methods such as RFA, cryotherapy and microwave ablation may readily cause heat injuries to the surrounding blood vessels (2-4). Centrally located HCCs tend to invade blood vessels and lead to intrahepatic or extrahepatic metastasis. Therefore, for patients with centrally located HCC, provided their general medical conditions allow surgical intervention and they do not have any concurrent heart, lung, kidney and brain disease or significant severe liver dysfunction, surgical resection is the first choice of treatment, despite a high degree of difficulty and the risks associated with this technically demanding procedure (6) . Centrally located HCCs are deeply located, closely adjacent to several major blood vessels and bile ducts; therefore, the selection of the most appropriate surgical approach is crucial for treatment success.
A prerequisite for any successful mesohepatectomy is a well-exposed operation field. To obtain such a field, a bilateral subcostal chevron incision should be adopted, with traction using an all-round retractor. Furthermore, surgeons have to be familiar with the liver anatomy and vascular distribution. During the operation, hepatic vein flow should be accurately assessed by combination of enhanced hepatic CT and magnetic resonance imaging. The hepatic artery, portal vein and bile duct should be protected to avoid any damage and the hepatic arteriovenous vessels of the right and middle lobes of the liver should be fully preserved (16) . Injuries in hepatic venous vessels should be repaired with vascular sutures. The wedge area of the middle lobe of the liver is formed by the middle point of the gallbladder bed and the edge of the superior and inferior vena cava. The majority of HCC cases are also complicated by post-hepatitis cirrhosis, fibrosis, compensatory hyperplasia and displacement; therefore, it may be difficult to accurately locate the area to be resected. Intraoperative US is routinely used to probe the middle hepatic vein to determine the boundaries of the middle lobe and the affected area to be removed (15) . In our study, the cancer was successfully localized by intraoperative US in 8 patients. Finally, a suitable blockage of blood inflow is key to a successful mesohepatectomy and postoperative patient recovery. In case of massive intraoperative bleeding, it is extremely difficult to protect these major blood vessels, bile ducts and residual liver. The middle lobe of the liver is closely adjacent to several major blood vessels. Once uncontrollable massive hemorrhage occurs, injuries to these blood vessels by hasty clamping or blind suturing is unavoidable and these injuries may lead to further severe complications. To reduce intraoperative hemorrhage, we adopted the Pringle maneuver to interrupt the blood flow through the hepatic artery, portal vein and total HVE (8) . We also adopted the HVE method reported by Curley et al (2) to selectively separate the hepatic veins and block the inflow of blood. The Pringle maneuver was used during hepatectomy on 18 patients, while HVE was used on 4 patients. The rate of successful inflow occlusion was 83.33% (20/24). Intermittent inflow occlusion may effectively reduce liver damage caused by ischemia-reperfusion (16) . Blockage of blood inflow through the hepatic veins at the right hepatic vein and the common trunk of left and right hepatic veins have significantly improved the safety and simplicity of the operative procedure.
Generally, it is difficult to suture the resectional surfaces of centrally located HCC, since its base consists of the vena cava, portal vein, hepatic artery and bile duct and its bilateral sections are adjacent to the right and left hepatic veins (8) . To avoid injuries to the porta hepatis, the suture needle should not be pricked into the liver parenchyma too deeply. We recommend that the resectional surfaces should be left open after the bleeding is controlled. The hepatic resectional surfaces should not be sutured compulsively to avoid compression of the left and right hepatic veins; otherwise, the hepatic venous flow may be interrupted (17) . We used biological fibrin glue or styptic powder on the resectional surfaces and the surface was further covered with absorbable hemostatic gauze. For patients with suspected bile duct injuries, the bile ducts were cut open to place a T-tube drain. External T-tube drainage was established in 7 patients (18) . One month after the placement, the T-tubes were smoothly pulled out under cholangiographic guidance. Of the 24 patients, 1 was subjected to hepatectomy of segments II, III and VI and Roux-en-Y choledojejunostomy of the right bile duct due to invasion of the left bile duct by recurrent cancer. For resection of centrally located HCC, an incision was performed at the entrance of the hepatic vein and extended further towards the two lateral sides. After the hepatic artery, portal vein and bile duct were clearly exposed, the incision was extended to the entrance of the hepatic artery, portal vein, bile duct, where it was terminated. The openings between the two lateral incisions were kept wide at the top and narrow at the bottom to avoid injuries to the blood vessels and bile ducts. Lang et al (5) also suggested that mesohepatectomy is a safe and effective operative procedure for the treatment of centrally located HCC complicated by hepatitis or cirrhosis.
In summary, despite the unique anatomical location of centrally located HCC and technical complexity of the operating procedure, mesohepatectomy is an effective surgical treatment for patients with centrally located HCCs. The keys for a successful mesohepatectomy include proper preoperative assessment and preparation, precise resection along the middle hepatic vein and suitable inflow occlusion. Mesohepatectomy may be particularly beneficial or even curative for HCC patients with post-hepatitis cirrhosis, as this procedure preserves more functional liver parenchyma compared to conventional or extended lobectomy and reduces the incidence of liver failure. Therefore, we recommend mesohepatectomy as treatment for patients with centrally located HCC with concomitant cirrhosis.
